STUDY QUESTION: Can microsurgical vasoepididymostomy (MVE) be an effective treatment for azoospermic men with epididymal obstruction?
Introduction
The prevalence of azoospermia is <1% among all men and~10-15% among infertile men. About 40% of cases result from obstruction in the ductal system (Jarow et al., 1989) .
Microsurgical reconstruction (vasovasostomy/vasoepididymostomy) is recommended for obstructions in the vas deferens and epididymis (Dohle et al., 2005) and has mainly been used for patients after vasectomy. Epididymal obstruction may be secondary to vasectomy, infection or idiopathic etiology (Chan et al., 2005; Peng et al., 2012a) . In Western countries, vasectomy is believed to be the most common cause of epididymal obstruction (Chan et al., 2005) . Of men undergoing vasovasostomy, 5-10% will also experience an epididymal blockage due to tubule rupture, thus leading to mandatory vasoepididymostomy (Belker et al., 1991) . However, epididymal obstruction is actually the most common cause of obstructive azoospermia, affecting 30-67% azoospermic non-vasectomized men (Dohle et al., 2005) . Berardinucci et al. (1998) reported idiopathic obstruction as the most common cause of epididymal obstruction in non-vasectomized men. In our previous study, we also found that 88.9% of epididymal obstruction was idiopathic (Peng et al., 2012a) .
Microsurgical vasovasostomy is a cost-effective therapy for vasectomy, as shown in large sample studies and by meta-analysis (Belker et al., 1991; Pavlovich and Schlegel, 1997; Schwarzer, 2012; Herrel et al., 2015) .
Microsurgical vasoepididymostomy (MVE) can also achieve high patency and pregnancy rates. Patency rates from 48% to 84% and pregnancy rates from 33.3% to 40% have been reported with a follow-up of 3 to 30 months (Chan et al., 2005; Kumar et al., 2010; Peng et al., 2012a,b; Peng et al., 2014b; Zhao et al., 2015; Hong et al., 2016) .
The sample sizes in previous studies were small and the live birth rate after MVE was seldom reported. Therefore, microsurgical reconstruction is not currently preferentially recommended for patients with epididymal obstruction.
In this study, we aimed to evaluate the fertility outcomes of MVE for 241 males with epididymal obstruction and identify possible predictors for natural pregnancy.
Materials and Methods

Patients
A total of 241 consecutive male patients with obstructive azoospermia underwent MVE between January 2011 and December 2013. All patients underwent routine urine testing and semen culture before surgery. If white cells were found in urine or bacteria in semen, antibiotics were given until the white cells or bacteria were eliminated. For males with acute epididymitis, we suggest the use of antibiotics. If the acute epididymitis causes epididymal obstruction, we suggest postponing reconstruction by at least 6 months.
Before their partner underwent reconstruction, all females underwent a detailed obstetrics and gynecology examination to confirm normal reproductive capacity.
Epididymal obstruction
Diagnostic criteria for inclusion were as described (Chan et al., 2005) . Briefly, epididymal obstruction was suspected when the infertile male had normal ejaculate volume with azoospermia in semen, palpable vasa and testes, distended epididymis and normal levels of serum total testosterone and FSH. Blood samples were drawn between 8:00 am and 11:00 am and tested with access immunoassay systems (Beckman Coulter. Inc., Chaska, MN, USA).
Surgical procedure
MVE was previously described (Chan et al., 2003) and is regularly performed in our center (see Supplementary Data).
The causes of unilateral reconstruction were contralateral intratesticular obstruction (n = 26), distal vas defense obstruction (n = 14), cryptorchidism (n = 5) and contralateral absent vas defense (n = 6). However, because most patients had no such causes, we explored both sides. If no sperm was found in the epididymis, or distal obstruction in the vas deferens was confirmed, we would abandon reconstruction in this side.
Follow-up
Patients with successful reconstruction were advised to rest in bed, avoid activity for at least 3 days and abstain from intercourse for 4 weeks after surgery. Semen was analyzed 3 months postoperatively and every 3 months thereafter until pregnancy was achieved. We analyzed data for patients who provided at least one postoperative semen sample. Any pregnancy that occurred was documented. Epididymal patency, pregnancy and live birth rates were calculated.
Statistical analysis
Preoperative and intraoperative data were compared between patent and non-patent groups using Student's t-test or Chi-square test to identify factors affecting the patency rate. Pregnancy was calculated from the date of surgery to the date of clinical pregnancy (ultrasound confirmation). Patients with no pregnancy were recorded at the date of last follow-up. Pregnancy rate was estimated by the Kaplan-Meier method and differences were determined by the log rank test. Univariate and multivariate analyses with Cox regression models identified predictors of pregnancy. All analyses involved SPSS for Windows 14.0 (SPSS Inc., Chicago, IL, USA). All statistical tests were two-tailed with P < 0.05 considered significant.
Results
Baseline data
Of the 241 men who underwent MVE between January 2011 and December 2013, 43 were lost to follow-up and 198 (82.2%) were followed up and data analyzed. Mean age was 31.0 ± 5.8 (Range 20-51) and 28.4 ± 4.4 (Range 18-42) years for men and women, respectively ( Table I ). The median infertile interval was 3 years (Range 0.5-18) and median follow-up 25.3 months (Range 12-48). Only five partners had previous pregnancies.
Patency, pregnancy and live birth rates after MVE
Sperm was present in the ejaculate of 151 patients (76.3%) at a mean of 3.8 months (Range 2-10) postoperatively. The median sperm concentration was 24.1 million/ml (Range 0.2-264.8 million/ml), and the mean forward motility was 27.6 ± 24.3% (Range 0-75.6%).
In total, 59 patients (30%, 59/198) reported an epididymitis history. Overall, 90% (53/59) of patients with an epididymitis history achieved patency. We found no serious complications after MVE. Acute epididymitis recurred in three patients and one patient reported no sperm in his semen postoperatively.
We identified that the side and site of anastomosis, and epididymal sperm motility affected the patency rate (Table II) . Patients with bilateral anastomosis, corpus or caudal of anastomosis and motile sperm in epididymal fluid had increased patency rates.
Among the 198 males followed, 81 (40.9%) reported pregnancy. The mean time to achieve pregnancy was 9.2 months (Range 3-24). A total of 73 newborns were delivered. Four couples had twins. The overall live birth rate was 34.8% (69/198).
Factors affecting pregnancy
Univariate analysis revealed that male and female age, site of anastomosis, postoperative sperm concentration and forward motility were associated with pregnancy (Table III) . However, on multivariate analysis, only male age, sperm concentration and forward motility were independent predictors of pregnancy (Table III) . Male age <35 years, sperm concentration ≥20 million/ml and forward motility ≥50% may predict increased pregnancy rates (Figs 1-3) . Overall, 16 of the 81 MVE patients achieving conception were simultaneously positive for the three predictors (age <35, >50% motile sperm and sperm count >20 million/ml). However, most patients met only one of these criteria and their partners also achieved pregnancy.
Discussion
Epididymal obstruction is a common cause of infertility in men with obstructive azoospermia. Microsurgical reconstruction can recover the anatomic structure and physiological functions of the pathway to delivery sperm, and a pregnancy is then possible.
Previous studies of MVE had some drawbacks, including a small sample size, short-term follow-up and that live birth rate was seldom reported. Moreover, no study reported possible factors predicting the pregnancy. Chan suggested that an inability to achieve a natural pregnancy after patency might be related to inadequate quantity and quality of sperm, the presence of antisperm antibodies, stricture of anastomosis and coexisting female infertility factors (Chan et al., 2005) . However, those hypotheses were not confirmed. Our study had a larger sample size and the patency rate was 76.3%. Patients with bilateral surgery, a corpus or caudal anastomosis and motile sperm in the epididymal fluid showed an increased patency rate. Overall, 79.5% of patients with bilateral surgery, 82.8% with distal epididymal anastomosis and 52.3% with motile sperm achieved patency. In the present study, pregnancy and live birth rates were 40.9% and 34.8%, respectively. Univariate analysis and multivariate analysis documented male age, sperm concentration and forward motility as the independent predictors of pregnancy.
With the development of ART, broad indications, including intratesticular, epididymal and vasal obstruction, a short treatment cycle and repeatability, ICSI is becoming the preferred therapy for obstructive azoospermia.
In our previous study, we found that MVE could still achieve a high success rate even after failure of ICSI (Peng et al., 2014b) . In the present study, with a larger sample size and high pregnancy rate, we emphasized that MVE should be the first option for epididymal obstruction, not an alternative treatment after ICSI failure: there are a few reasons for this. First, MVE can result in high patency and pregnancy rates. Second, epididymal obstruction is common. In our previous study, we found epididymal obstruction in 62.8% of men with suspected blocked reproductive tract (Peng et al., 2012a) . In this study, 59 patients (30%, 59/198) reported a history of epididymitis, 70% had no definite cause and previous epididymitis had no adverse effects on reconstruction. Epididymal obstruction can be easily diagnosed by physical examination and ultrasonography (Kolettis, 2001; Pezzella et al., 2013) . Third, MVE is a mature technology that can be mastered after professional training. Many andrologists in China can now perform MVE (Peng et al., 2014a) . Fourth, MVE costs much less than ICSI: 15 000 RMB (US$2000) versus 40 000 RMB (US$5300) for first ICSI.
Our data show that sperm quality improved gradually after 3 months postoperatively, sperm quality deteriorated in~10% of patients, possibly caused by later anastomotic stricture and patency could be maintained for 9 months in most patients with successful reconstruction. Microsurgical reconstruction and IVF/ICSI are both treatment options for obstructive azoospermia. We compared the advantages and disadvantages of microsurgery reconstruction and IVF/ICSI in our previous study (Peng et al., 2014b) . When couples consult for treatment, we should objectively provide the information to help them choose the most appropriate treatment. MVE can achieve high patency and pregnancy rates. MVE appears to be more cost effective than ICSI. The female can avoid the pain and risk of ICSI. However, MVE can seldom be repeated, needs long-term follow-up and is only suitable for epididymal obstruction, regardless of epididymitis or an idiopathic cause. ICSI is the option for obstructive azoospermia with any cause. Moreover, ICSI can be repeated and reach clinical pregnancy in a short time frame.
Our study has several limitations, including its single center and retrospective design. A prospective, randomized control trial is needed to compare the pregnancy and live birth rates between MVE and ICSI. We showed in univariate analysis that female age was a significant factor affecting pregnancy rate. However, multivariate analysis was not possible because the number of females >35 years was small (n = 13). Data suggest that female age may affect the pregnancy rate after microsurgical reconstruction (Gerrard et al., 2007) . We did not investigate the level of DNA fragmentation in sperm after successful reconstruction, which might affect pregnancy (Malic Voncina et al., 2016) .
Conclusion
MVE can achieve high patency, natural pregnancy and live birth rates in azoospermic patients with epididymal obstruction. The success rate is mainly related to the side and site of anastomosis, and sperm motility in epididymal fluid. Male age, sperm concentration and forward motility may predict pregnancy after the procedure. Microsurgical reconstruction is an effective treatment and could be a first choice for epididymal obstruction. Male infertility microsurgery should become a routine treatment in andrology and reproductive centers.
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